We examine the effects of smoking bans on self-assessed health in Germany taking into account heterogeneities by smoking status, gender and age. We exploit regional variation in the dates of enactment and dates of enforcement across German federal states. Using data from the German Socio-Economic Panel, our difference-in-differences estimates show that nonsmokers' health improves, whereas smokers report no or even adverse health effects in response to bans. We find statistically significant health improvements especially for non-smokers living in households with at least one smoker. Non smokers' health improvements materialise largely with the enactment of smoking bans.
INTRODUCTION
Passive smoking represents a significant public health issue and cause of mortality worldwide, as an estimated 600 000 people die each year from the exposure to secondhand smoke (Öberg et al., 2011) . Numerous medical studies conclusively demonstrate that even the shortest exposure to secondhand smoke negatively affects health (for an overview, see DHHS, 2006) . Specifically, Meyers et al. (2009) show that the effect of passive smoking on the cardiovascular system constitutes about 80-90% of the effect of active smoking. In response, governments in many countries implemented policies aimed at reducing the exposure to secondhand smoke and at promoting public awareness about the dangers of smoking (McNabola and Gill, 2009) . As one legislative measure, governments introduced smoking bans to restrict smoking in public areas, particularly in restaurants and bars.
While it seems straightforward to expect that smoking bans protect and promote health on average, heterogeneous, even opposite, effects may exist for different population subgroups. For example, Adda and Cornaglia (2010) show that the exposure to secondhand smoke at home increased following the introduction of smoking bans in the USA. Because smokers shifted smoking from public to private places, non-smokers and particularly young children experienced higher exposure to secondhand smoke. Moreover, restricted smoking opportunities may negatively affect smokers because earliest smoking withdrawal symptoms occur within 30 minutes of abstinence (Hendricks et al., 2006) . Origo and Lucifora (2013) provide evidence for increased levels of mental distress among smokers because of bans in European workplaces. Furthermore, Irvine and Nguyen (2011) develop a theoretical model, which predicts that heavy smokers may respond to smoking bans by smoking their cigarettes more intensively, which may impact negatively on their health.
Our study examines the causal effect of smoking bans on health for the population at large and various population subgroups using data from the German Socio-Economic Panel (SOEP). Despite the existence of a large literature evaluating the effects of smoking bans, especially for the USA, our study provides several novel contributions to the literature. First, we provide new evidence on heterogeneous effects for different population subgroups. Although recent studies recognise the importance of analysing heterogeneous effects (e.g. Jones et al., 2015) , the majority of previous studies evaluating health outcomes focus on average population effects (for an overview, see, Smith, 2013) . However, we argue and provide empirical evidence that smoking bans generate differential effects for different subgroups.
Second, we investigate the particularly policy relevant question whether the efficacy of smoking bans depends on enforcement with formal sanctions. The distinction between enactment and enforcement has so far received only little attention in the literature. To date, evidence is only available for Greece and Portugal (e.g. Vardavas et al., 2013; Ravara et al., 2013) . Analysing the German case, we contribute evidence to this emerging field of research by using additional variation in the dates of enactment and the dates of enforcement to disentangle the separate effects of bans with and without formal sanctions.
Third, we extend the literature that so far has focused on objective health outcomes, such as cardiovascular diseases or heart attacks (Hahn, 2010) , by analysing self-assessed health (SAH) as an under-researched measure of health. In the smoking bans literature, only Wildman and Hollingsworth (2013) use SAH to evaluate the Scottish-smoking ban. Despite its low use in this context, SAH is a firmly-established and valid measure of health that predicts objective health outcomes even conditional on age and other objective health indicators (Idler and Benyamini, 1997; Contoyannis et al., 2004; Bowling, 2005; Frijters et al., 2005) . Importantly, Jylhä (2009) shows that SAH contains additional information, such as bodily sensations and physical irregularities, known to the respondent but not necessarily captured by narrowly defined objective health indicators. Furthermore, SAH may respond more quickly to changes in individuals' health and health-related environmental conditions than objective health indicators. In this way, SAH may capture short-term health outcomes of smoking bans that objective indicators, such as mortality and hospitalisation rates, are unlikely to capture (Shetty et al., 2009) .
Fourth, we provide the first comprehensive evaluation on the health effects of smoking bans for Germany, a country with relatively high smoking rates (about 30%) compared with other European countries (Storr et al., 2010) . For European countries in general and Germany in particular, the evidence on the health effects of smoking bans is rather scarce, as most studies on smoking bans exist for the USA (e.g. Hahn, 2010; Smith, 2013) .
We estimate the causal effect of smoking bans on SAH using a difference-in-differences (DD) approach that exploits the staggered introduction of smoking bans on the state-level in Germany. The results show statistically significant improvements of average population health following the enactment of smoking bans. Subgroup analyses provide evidence for heterogeneous responses: while non-smokers exhibit statistically significant health improvements, smokers report no or even adverse health effects. These findings are consistent with the expected health improvements for non-smokers as a result of reduced exposure to secondhand smoke and with the hypothesis that reduced smoking opportunities could be a source of stress for smokers. We find particularly large health improvements for young non-smokers who are likely to benefit from less exposure to secondhand smoke in bars, clubs and restaurants. We find no evidence for adverse effects of bans on nonsmokers living together in households with smokers, supporting the interpretation that smokers did not shift smoking from public to private places. Furthermore, we observe that the positive health effects for non-smokers materialise largely with the legal enactment of smoking bans. Conversely, smokers' health first deteriorates with enactment but improves after enforcement. Our results are robust to alternative specifications of the time trend, the inclusion of state-specific time trends, the assumption of cardinality or ordinality of SAH, as well as placebo reform tests.
LITERATURE
This section gives a concise overview of the current state of knowledge about the efficacy of smoking bans. An extensive literature examines objective health outcomes of smoking bans (for recent reviews, see, Hahn, 2010; Tan and Glantz, 2012; Smith, 2013) . In general, the empirical evidence shows positive effects of smoking bans on cardiovascular, cerebrovascular and respiratory mortality. Specifically, studies report declining rates of acute myocardial infarction (AMI) following the introduction of smoking bans (e.g., Bartecchi et al., 2006; Khuder et al., 2007) . For example, Sargent et al. (2004) reveal a 40% decline in AMIs after a local smoking ban came into effect in Helena, Montana. In addition to these intended effects, Adda and Cornaglia (2010) find evidence for unintended negative consequences of smoking bans in the USA. Their study shows that the level of nicotine absorbed in the blood (cotinine) in children increased substantially after the introduction of bans because smokers shifted smoking from public to private places. Besides the extensive literature on objective health outcomes, we found only one study, Wildman and Hollingsworth (2013) , that investigates the health effects of smoking bans on SAH. Using the introduction of public smoking bans in Scotland, the authors report health improvements for non-smoking women, but no effects for smokers.
So far, only little research examines the heterogeneity of ban effects for specific population subgroups. Workers in the hospitality sector are a notable exception. In a meta-study, Polańska et al. (2011) show that the level of cotinine among workers in the hospitality sector reduced significantly after the introduction of total smoking bans in bars. Examining the effects of smoking bans on workers in bars and restaurants in Scotland and Northern Ireland, studies provide evidence for significant improvements in the respiratory health of nonsmoking bar workers as a result of the reduced exposure to secondhand smoke (Allwright et al., 2005; Menzies et al., 2006; Goodman et al., 2007) . Adams et al. (2013) investigate the short-term impact of smoking bans at workplaces on fatal heart attacks. They find heterogeneous responses for different age groups and report decreasing effects with age.
Only few studies examine the role played by enforcement measures for the efficacy of bans. This lack of research is surprising because policy makers should know whether laws require formal sanctions to be effective. Two recent studies on enforcement measures in Portugal and Greece are Ravara et al. (2013) and Vardavas et al. (2013) , respectively. They conclude that poor enforcement measures contribute to low compliance and argue that the efficacy of bans depends on sanctions.
The literature on the health effects of the German bans is generally scarce. Analysing hospital admissions due to AMI before and after the introduction of smoking bans in two states, Bremen and Lower Saxony, Schmucker et al. (2014) find a significant decline in admissions for non-smokers, but not for smokers. Examining hospital admissions for angina pectoris and AMI using health insurance data, Sargent et al. (2012) conduct a before-and-after study and find a 13.3% decline in angina pectoris and an 8.6% decline in AMI after 1 year.
Some studies also examine the German-smoking bans with respect to non-health outcomes. Analysing smoking behaviour, Anger et al. (2011) and Brüderl and Ludwig (2011) find no effect of smoking bans, on average, on the prevalence or intensity of smoking. However, Anger et al. (2011) provide evidence for a decline in smoking propensity and intensity for individuals who go out more frequently. For cigarette sales, Kvasnicka (2010) finds that electronic age-verification in cigarette-vending machines negatively affected cigarette sales. Furthermore, Kvasnicka and Tauchmann (2012) find that the German-smoking bans had no negative impact on the revenues in the hospitality sector.
IDENTIFICATION STRATEGY AND METHODS
In Germany, the 16 federal states introduced smoking bans on different dates during 2007 and 2008 (see Table I ). The bans primarily aimed at increasing public health by reducing the exposure to secondhand smoke. Although smoking bans differ between states in terms of scope and strictness, the bans generally prohibit smoking in restaurants and bars as well as in other enclosed public areas, such as hospitals, theatres, museums, cinemas, concert halls, universities and airports. Baden-Wuerttemberg, Lower Saxony and Mecklenburg-West Pomerania were the first states to introduce bans in August 2007. By July 2008, all 16 states had introduced a smoking ban.
The regional variation in introduction dates of smoking bans across German federal states provides a quasiexperimental set-up to identify the causal effect of smoking bans on SAH, which is measured on a 5-point scale ranging from 1 (very good) to 5 (bad). We examine SAH as an ordinal variable and employ a DD approach that estimates the effect of smoking bans on the probabilities of the five health ratings. Following Lechner (2011) , we estimate the average treatment effect on the treated for the j th health outcome, ATET j , as follows:
where D is a binary treatment variable. SAH 0 i and SAH 1 i denote the health ratings of the ith individual before and after the introduction of bans, respectively. Hence, the ATET j is based on the difference in the beforeand-after change in the probabilities of health ratings between federal states with a ban and those without a ban.
We use a nonlinear random effects ordered probit model to predict the four probabilities in equation (1). The model is based on a latent regression model (for a detailed exposition, see Greene and Hensher, 2010) as follows:
where SAH is the latent health of individual i in federal state s at time t. ban is an indicator variable that equals one if the individual lives in a state that is covered by a smoking ban at time t. We define the ban variable according to the enactment dates ( Table I ). The vector x contains controls for socio-economic characteristics, including age and its square, (the logarithms of) household income and household size, years of education, indicator variables for marital status (married, divorced and widowed, with single as the reference group), the presence of children below age 6 years and aged 6 years and older, immigrant status and unemployment. state is a set of indicator variables for the German federal states, and time represents the time trend.˛, ", " and • represent parameters to be estimated. u is an individual-specific random error component representing unobserved heterogeneity, and is the idiosyncratic error term. We observe the discrete SAH variable, which is related to latent health through a threshold mechanism as follows:
where the thresholds, 0 ; : : : ; 3 , divide the range of SAH into cells that correspond with the observed health ratings. The thresholds are estimated together with the parameters using maximum likelihood. We use two different specifications for the time trend in equation (2). First, we employ a piecewise linear trend that allows for slopes and intercepts to vary with each wave. However, an over-parsimonious specification of the time trend may falsely attribute changes in slope or non-linearities to smoking bans (e.g. Huesch et al., 2012) . To accommodate this concern, we also use a more flexible specification of the time trend where time represents a second-order polynomial.
The key identifying assumption for the DD approach is that the federal states did not simultaneously adopt other tobacco control policies or health reforms with the introduction of smoking bans. In an extensive review of the legal framework of smoking bans in Germany, Kohler and Minkner (2014) were "not aware of other significant differences between states with regards to tobacco control activities apart from the state smokefree legislation" (p. 691). In particular, no tobacco prevention campaigns overlap with the introduction of bans.
1 Furthermore, federal law largely regulates the German healthcare system so that major health-related interventions generally take place at the federal level (Bärnighausen and Sauerborn, 2002; Döring and Paul, 2010) . Finally, German states cannot, in contrast to the USA for instance, set individual sales or tobacco taxes. Thus, we did not identify potentially confounding factors at the level of the federal states that would violate the common time trend assumption.
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We perform two robustness checks to examine the sensitivity of our results with respect to the specification of the time trend. First, we extend the basic specification in equation (2) by including additional state-specific linear time trends. If a common time trend exists between treated and non-treated states, the estimated effect should not change much by the inclusion of these variables (Angrist and Pischke, 2009 ). Second, we estimate the effect of a placebo reform, using false enactment dates that should not have an effect on SAH. Hence, we expect treatment effects of the placebo reform to be close to zero while large, significant effects would cast doubt on the interpretation that we measure the causal effect of smoking bans.
DATA AND DESCRIPTIVE STATISTICS
We use data from the German SOEP, a nationally representative household survey (Wagner et al., 2007; SOEP, 2010) .
3 Our main analysis covers the reform years 2007 and 2008. For several robustness checks, we use additional data from the pre-reform years 2002 to 2006. We use an unbalanced data set that includes individuals that are observed only once during our window of observation. The SOEP provides detailed information on the socio-economic characteristics of respondents, their health status, their place of residence and the interview date. We drop the first three interviews of each respondent because of panel and learning effects that may affect answers to subjective survey questions (Ehrhardt et al., 2000) . To examine heterogeneous effects, we produce subsamples by gender, age and pre-reform smoking status. The SOEP surveys the smoking status only every second year. We use information from the pre-reform years 2002, 2004 and 2006 to determine a respondent's smoking status. Hence, whenever we refer to smoking status in the analysis, we refer to the pre-reform smoking status. We use the pre-reform information on smoking for two reasons. First, the reform could have directly affected the smoking status in 2008, which would complicate the interpretation of estimates. Second, because some smokers only quit temporarily, smoking status may be affected by measurement error resulting from on-and-off smoking. To reduce measurement error and to distinguish more clearly between smokers and non-smokers, we classify a respondent as a smoker if the individual reports smoking at any one of these pre-reform interviews. 4 In total, 36% of our observations are coded as smokers, 64% as non-smokers.
Our dependent variable, SAH, is a measure of current health as the SOEP asks the respondents the following question about their health: "How would you describe your current health?" Answers are collected on a 5-point scale from 1 (very good) to 5 (bad), that is, higher values indicate poorer health status. The variable has a mean of 2.7 and standard deviation of 0.95. Table II shows descriptive statistics for the whole sample and by smoking status. Non-smokers are on average about 8 years older than smokers but, despite potential age-related health deteriorations, still report similar subjective health as smokers.
Finally, we inspect the average values of SAH by federal state before and after the enactment of the bans.
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In 10 out of 16 states, we find health improvements following the enactment of a smoking ban. These 10 states cover approximately 75% of the total population. On average, we observe an improvement in SAH by 0.02 points on the 5-point scale.
5. RESULTS
Ban effects and effect heterogeneity by smoking status, gender and age
The primary public health purpose of smoking bans is to improve health by reducing the exposure to secondhand smoke. However, smoking bans may have unintended consequences and impact negatively on certain groups (e.g. Adda and Cornaglia, 2010) . Therefore, examining heterogeneous effects is important to assess potential inequalities in health improvements or to detect negative externalities that could be addressed by public policy. We hypothesise heterogeneous effects by smoking status, gender and age. First, we expect different responses by non-smokers and smokers. Drawing on previous studies (Hendricks et al., 2006; Origo and Lucifora, 2013) , we expect that reduced opportunities for smoking may increase the stress levels experienced by smokers because of withdrawal symptoms. For non-smokers, we expect that the lower exposure to secondhand smoke after the introduction of bans leads to health improvements. 6 Second, we hypothesise stronger health effects among women than among men. Examining gender-specific perceptions and assessments of health, previous research shows that women and men may use systematically different thresholds in reporting SAH, even if they have the same objective health (van Doorslaer and Jones, 2003; Schneider et al., 2012) . In particular, Benyamini et al. (2000) argues that women make health judgements on a broader and more inclusive set of information than men. Concerning the perception of secondhand smoke, (Kraus et al., 2010a) show that 48% of women but only 36% of men feel bothered by tobacco smoke. Thus, we expect women to respond more strongly as they may detect health changes at an earlier stage than males because of different perceptions and the broader information base used.
Finally, the recent literature on smoking bans and smoking behaviour considers effect heterogeneity across age (e.g. Jones et al., 2015) . We expect stronger health effects for younger than for older individuals. We argue that the underlying mechanism relates to the exposure to secondhand smoke. Because the prevalence and intensity of smoking declines with age, 7 we expect that exposure to secondhand smoke declines with age because of the decline in tobacco consumption by same-age peers.
Table III presents the estimation results for the causal effect of smoking bans on the probabilities of health ratings for the entire population and for population subgroups by smoking status and gender. Separate regressions were carried out for each subsample. The columns show the effects of the smoking ban on the probabilities of the five SAH ratings. Rows represent the results for the subpopulations investigated.
Before we test our hypotheses, we first examine the average population effect. On average, respondents' ratings of their health clearly improve because of the introduction of smoking bans. Panel A shows that bans lead to statistically significant increases in the probabilities of assessing health as very good and good by 0.3 and 2.6 percentage points, respectively. In correspondence, we find that the probabilities of assessing health as satisfactory, poor or bad decline. To benchmark these effects, we compare the effect of smoking bans against the partial effects of being unemployed. Although unemployment may not causally affect SAH (e.g. Böckerman and Ilmakunnas, 2009 ), we use these partial effects to illustrate the size of the effects of bans. The comparison shows that the effects of smoking bans are between 40% and 45% of the difference in SAH between unemployed and non-unemployed individuals.
9 The large sizes of the relative effects demonstrate that smoking bans have quite substantial effects on SAH.
The empirical results in Panel B, Table III , provide evidence supporting our first hypothesis about effect heterogeneity by smoking status.
10 For non-smokers, the effects of bans are statistically significant and larger in absolute terms than those for the entire population. For smokers, we estimate effects close to zero with large standard errors, indicating generally non-significance.
Panel C in Table III presents the results for women and men, respectively. Consistent with our second hypothesis, we find that men and women respond differently to smoking bans, with generally stronger effects among women than men. On average, bans improve the probability of very good and good SAH ratings for females by 0.6 and 4.4 percentage points, respectively, whereas the effects are estimated near zero and statistically insignificant for men. This finding is consistent with evidence by Meurer et al. (2001) who report a higher tobacco smoke sensitivity among women. In order to investigate our third hypothesis about heterogenous effects across age, we refine the analysis by examining subsamples by smoking status, gender and age. We investigate heterogeneities by distinguishing between three age groups. We define a young group (below 30), a middle group (aged 30-49) and an aged group (50 and over). Tables V and VI present the effects of bans on the five health ratings for women and men, respectively. In general, the effects for women are estimated imprecisely and not statistically significant, presumably because of the small sample sizes for the subgroups under consideration. However, the estimates reveal interesting insights into the the age-related effects of bans on health in our data.
We observe the strongest effects for the young group, a finding that might reflect the reduced exposure to secondhand smoke, as the young group goes out more frequently to bars and clubs compared with the older age groups. 11 The effect declines to virtually zero in the aged group. For female non-smokers, the effect on the probability of very good health is estimated to be 4.0 percentage points for the young group, for instance (see Panel A, Table V) . Likewise for male non-smokers, we observe a significant and strong effect on the probability of very good health in the young age group while the effects are close to zero among older men.
Interestingly, we find health deteriorations for female and male smokers in the young age group, as indicated by the negative effect of bans on the probability of very good health. This finding is consistent with our first hypothesis on smoking withdrawal symptoms. Hence, young non-smokers benefit strongly from smoking bans while young smokers subjectively do not experience health improvements.
Finally, we also examine whether displacement effects created unintended consequences for non-smokers. Following Adda and Cornaglia (2010) , Table VII reports results for (1) non-smokers living in non-smoker households, (2) non-smokers living in households with at least one smoker, (3) smokers living in households with at least one non-smoker and (4) smokers living in households with smokers only. If displacement effects create negative externalities, we expect health deteriorations for non-smokers living in households with at least one smoker. Table VII presents effects of bans by household composition. The results clearly confirm statistically significant health improvements for non-smokers. Importantly, we find large health improvements for non-smokers living in households with at least one smoker. For instance, their probability of good health increases by 6.4 percentage points on average. The effect is clearly driven by female non-smokers. Interestingly, male smokers living in mixed households report health deteriorations, although the effects are estimated imprecisely. Overall, the evidence suggests that German smokers did not substitute smoking in public with smoking at home.
Effectiveness in the absence of sanctions
We now investigate whether the efficacy of smoking bans depends on enforcement with formal sanctions. Recent studies for Portugal and Greece argue that smoking bans require formal sanctions to induce compliance (Ravara et al., 2013; Vardavas et al., 2013) . However, other research on the efficacy of formal sanctions argues that social norms play an important role in inducing compliance (Tyler, 2006; Ellickson, 2009 ). For example, Tyran and Feld (2006) show that mild laws, that is, laws backed by non-deterrent sanctions, can activate social norms that prompt individuals to observe the law. Thus, norm activation may induce compliance even in the absence of formal sanctions. We argue that norm activation, which results in informal sanction, played an important role in the context of the German-smoking bans for two main reasons. First, a clear majority of the population supported smoke-free public places prior to reform (European Commission, 2009 ). Second, Germany, alongside the USA and the Netherlands, belongs to the group of countries that highly value adherence to social rules (Dragolov et al., 2013) . The enactment of bans may, therefore, have encouraged compliance by activating the social norm of non-smoking in public places. Thus, we hypothesise that health effects of smoking bans emerge with enactment even in the absence of sanctions.
To investigate whether the effects of bans depend on enforcement with sanctions, we employ an extended model that exploits variation in the dates of enactment and dates of enforcement. Only 10 federal states legally enforced their smoking bans from the first day onwards. However, six federal states applied enforcement measures only at a later date (Table I ). This pattern of introduction created a time window during which authorities did not pursue or punish non-compliance with the law. After the sanctions came into effect, penalties for offending smokers and bars/restaurants could be up to EUR 10 000. We therefore generate two ban indicators, that is, one for the date of enactment (enact) and one for the date of enforcement (enfor), instead of the single ban indicator in equation (2). Table VIII presents the estimation results for the effects of bans on the probabilities of the five health ratings. By splitting the effect of smoking bans into two separate effects, no single effect is individually statistically significant any more on average for non-smokers (see Panel A). The point estimates, however, reveal that the enactment of smoking bans has an instantaneous positive effect on SAH of non-smokers in our sample. Their probability of good health increases by 2.7 percentage points because of the enactment while the enforcement effect is estimated to be only about 0.6 percentage points. This suggests that health improvements for non-smokers emerge immediately with the enactment, whereas the enforcement of bans hardly produces additional improvements.
A different pattern emerges for smokers. Smokers first experience a deterioration with the enactment of smoking bans, followed by an improvement with the enforcement. The temporary deterioration of SAH following the enactment is completely offset by the improvement following the enforcement of the ban. This pattern may reflect an adaptation process among smokers who may first experience substantial stress with the enactment of smoking bans but learn how to deal with restricted smoking opportunities over time.
Although the data do not permit inferring the total rate of compliance or testing our social norm activation hypothesis, the results are consistent with the hypothesis that people in Germany largely adhered to the bans even without the threat of formal sanctions. This finding is consistent with the interpretation that enactment activated social norms. For example, smokers may experience informal penalties, such SOEP v27, 2007 SOEP v27, -2008 as social disapproval, if they disobey smoking regulations. This interpretation of compliance due to norm activation is corroborated by popular support in favour of stricter bans: despite some controversial discussions, a majority of the German population largely supported strict smoking bans. For instance, more than 60% of voters voted for an intensification of bans in a plebiscite in the state of Bavaria in 2010 (Kohler and Minkner, 2014) .
Sensitivity analysis
This section provides three robustness checks validating our main empirical results by (1) estimating extended specifications for the time trend, (2) running a placebo estimation and (3) running an ordinary least squares (OLS) regression assuming cardinality of SAH scores. Table IX presents extended estimations to investigate the robustness of the results with respect to different specifications of the time trend. The results from our preferred model with a piecewise linear time trend are replicated in each panel for ease of comparison. Furthermore, the panels use a piecewise quadratic function of the time trend that allows for a nonlinear relationship. The piecewise linear and the piecewise quadratic models are then extended with state-specific linear time trends. In general, we find no evidence for sizeable changes between the different specifications. This robustness confirms that our main results are robust to the modelling of the time trend.
As a second robustness check, Table X reports estimates for the placebo bans. We use data for the pre-reform years 2005 and 2006 to estimate the same model specification as for 2007 and 2008. We generate a placebo ban variable that shifts the dates of enactment forward by 2 years. In the absence of smoking bans in the pre-reform period, the placebo bans should have no effect on SAH. The results show that all estimated effects are close to zero and not statistically significant. The placebo test therefore confirms that the changes in SAH provided earlier for the years 2007 and 2008 can indeed be causally attributed to smoking bans.
Finally, we report an additional robustness check in which we use a linear regression that interprets health scores as cardinal.
12 Overall, the linear regression results clearly confirm the results of the nonlinear specification. In particular, we find statistically significantly negative ban effects for the entire sample, indicating health improvements. The subgroup-specific results by smoking status indicate that the effect is driven by non-smokers, while the effect for smokers is insignificant. The results also show that women respond more strongly than men and that the effect declines with age. We also analysed a dichotomised version of the SAH variable where the dependent variable takes the value of one if the individual is either in very good or in good health. In general, the results reveal the same patterns as with the 5-point SAH scale, although the dichotomisation results in a considerable loss of variation. Overall, the results demonstrate that our main conclusions are not affected by assuming ordinality or cardinality of SAH.
6. CONCLUSIONS AND DISCUSSION
The exposure to secondhand smoke represents an important cause of serious illnesses and death. In recent years, many countries have implemented legislative measures to protect the health of individuals in public places. In Germany, the 16 federal states introduced smoking bans on different dates during 2007 and 2008, prohibiting smoking not only in restaurants and bars but also in other enclosed public areas such as hospitals, theatres, museums, cinemas, concert halls, universities and airports. Our study uses a difference-in-differences approach to extend the international literature by providing evidence on the causal effect of smoking bans on SAH. The analysis of subjective data has two particular advantages. First, SAH allows a comprehensive evaluation because the measure is available for all respondents. Thus, we provide new evidence on heterogeneous responses by estimating the effects for population subgroups that may respond differently to smoking bans. Second, because SAH strongly correlates with long-term health outcomes, our study provides a first indication of potential long-term effects of smoking bans.
We find that smoking bans successfully improve SAH on average. Furthermore, our evidence provides support for heterogeneous effects by smoking status and age: non-smokers benefit from smoking bans while smokers do not benefit or, as in the case of young male smokers, even report health deteriorations. Presumably, smokers experience stress from the reduced opportunities for nicotine intake. In general, we find the largest improvements among young non-smokers (below 30 years). The results show gender-specific responses, as women on average respond more strongly to bans than men. Gender-specific sensitivities regarding subjective health may potentially explain this finding, as Benyamini et al. (2000) show that women assess their health on a broader and more inclusive set of information than men. The result for women is almost exclusively driven by improvements in health for non-smokers. Interestingly, our evidence for Germany closely resembles findings for Great Britain, as provided by Wildman and Hollingsworth (2013) . The authors report improvements in SAH for non-smokers, particularly for non-smoking women, following the introduction of bans in Scotland while SAH appears to deteriorate among smokers, although the latter effects are not statistically significant.
Our findings support the introduction of comprehensive smoking bans because these generate aggregate health improvements through the reduction of secondhand smoking. The German case shows that the legal enactment of smoking bans can represent an effective measure to improve public health, even in the absence of formal sanctions. Presumably, an implicit social norm to accept restrictions to smoking in public places existed in Germany at the time of enactment. This interpretation helps to explain why health improvements for nonsmokers emerge mostly with the enactment. Later enforcement appears not to have a substantial impact. We argue that public support for smoking bans induced compliance through the activation of social norms rather than financial or legal sanctions.
Given that the majority of EU citizens agrees with stricter measures of tobacco control (European Commission, 2012), social norms in Europe appear conducive for the effective policy implementation of comprehensive smoking bans where these are not enacted yet. Because secondhand smoke causes substantial economic costs (e.g. Frijters et al., 2011) , we expect that the introduction of smoking bans may reduce these costs in countries that still do not have comprehensive smoking bans in the workplace, public places or the gastronomy.
This research has taken a step towards working out heterogeneous effects of smoking bans. However, our study raises further questions in need of investigation. First, because of sample size restrictions, we have not been able to examine substitution effects within the household in greater detail. How families with different compositions of smokers and non-smokers respond to smoking bans is still an open question. In particular, further research is needed on the effects of smoking bans on children whose health may be negatively affected if parents increase smoking within the home. Second, future research should furthermore investigate long-run health outcomes of bans-an issue that might be particularly interesting for smokers who may change their habits only slowly over time. Finally, future research should examine more closely the potentially different effects of enactment and enforcement to help inform public policy about the role of formal and informal sanctions.
